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Table 1  Analysis results of biomass fuel composition
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Fig. 1 Biomass boiler furnace grid division diagram
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Table 3 Boundary condition parameter setting
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Fig. 3 Temperature distribution diagram of different biomass fuels at y=4.6 section of furnace
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Fig. 4 NO concentration distribution diagram of different biomass fuels at y=4.6 m in the furnace
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Fig. 6 CO concentration distribution of different biomass fuels at y=4.6m in the furnace
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i, CO, BTk B f vy o X VLIRS WARHE I B IR be 8058 4, KB ROCR LY, A H T TH i
PR IO, IRA AR SO, B HE R ma A%, B W A T/ANAERS AT SR AE, Wz
] o FEAE W) I B Aol ol — R B AR T 2T A R AR SO, B HER . fESEPR R, IRG A
HRE7E 42 T80 b ARE IE 92 NO BYHEML, PR, 7 O 2 B A Wy o i A Aol rR IR S ORIz
M, b e — 2L JT A R A S MRHC L AR 5T .
3 HREEL SNCR RS fit il B BUE R
A A SRR A, A AR P TR SNCR K AP AN SR FH IR oM R SRR, 95 i) B Ak
Bz s s (6)~3X (10) Fran ™ LABR 3 O 38 SR 89 SNCR B+ 73 B A%, IR 3R 73 i L2 9 NH, #1
HNCO, % [ibex kb RN . 7ESEbRid #E o, L NH, A 9 a8 J5E 500 R £ 5 SNCR JBifid 2 5z, 1A
HNCO =y 30 J550) il 3 fie 2 J00 4 0 R A9 412 01U 7 b 6l B, 18 M NO, A5 Hh % SNCR A B 47
BELTHER, DAHORIRSE SNCR HIE I R e A 82 . SOl BE | 40260 U o Jd i 00 ) 52 0
CO(NH,), — NH; + HNCO 6)
CO(NH,), + H,0 — 2NH; + CO, @)
4NH; +4NO + O, — 4N, + 6H,0 ®)



55 10 RASCEE R ACHRA W i dr AR CHR AR B SNCRIBE R AR ) S (B A AL 3363

1201
500 [
100 |
~ 400 P
\E \E 80 -
& &
E 3001 E ol
2007 = 40f
= =
100 20 F
0 0
INERERT AR WEE AR A HE INEERERE R W RIS
(2) NO (b) SO,
700 [
600 |
'vg 500 | 2
£ 400 B
% 300 M
i i
B 200 F -
100 |
0 0
INERERT AR R AR AR INERERT AR W AR AR
(©)CO (d) CO,

B8 EEMEARE K BE R IR S 4E 5 R B XT EE &
Fig. 8 Comparison diagrams of flue gas component concentration of different biomass fuels in furnace
8NH; + 6NO, — 7N, + 12H,0 )
CO(NH,), +2NO +0.50, — 2N, + CO, + 2H,0 (10)

3.1 BHeHIS N

i D TR WS R 14 07 B 2 A — S P BE L R 0 AR W SR A B BRI AR . AR BEE A . i
JFR S5 RS Tpm . S5 A BE 0 3005 ik I i AR BE O 300 K5 38 JEURI 45 U 6~7 mes™'; i
FIAE 00139 ks o ALY BHY P B R BE S 18 m, S BI7EY B N z=8 m, 9.3 m, 10.6m, 12m
I 13.6 m A A B ik SRR RS o f 1] 9 mTAL, A
J 1k NO B 5k VG 2 W I W A al .
B A B BRI S B R b 110 [
J5 5] W M W BE AE 2=9.3 mZe A7 W, GE O
NO i #< B O 105.7 mgem >, S e A 50CR B
Uf o 3SR BEMEAE z=13.6 m AL B, 1 NO i
T O 110.6 mgem >, I A RCR A A o 07+
2P AL 7 5 MR R o0 R e R 3 A B Y . .
B L IR W O A o e
NO A LB 2 T R T TR . 3BT 6 sl
WAL o FEW I z=13.6 m Ab 45 T i 00 M 4/ m
AOOLE, XIS 20 AR RS BRI, B9 EEFIGHEESEEL 0L NOKEXRE
e P TR AR AE E AR R T 2 S 7 sh a5 Fig. 9 Diagram of relationship between reducing agent nozzle

height and NO concentration at flue exit

108

JR R /(mg-m™)




3364 ok L B ¥ W Fl6 &

M RBTRN  IRAREER 2, S il 5w kR 4 . i Y B 2=9.3 m Ab B3 1 A8 R
R, A TR 2 B A B PR B I Sl R I PN, JE R T A TR AR e P 45 B D, (A A DR
2R TR 4y, TR R B AR T B TS . IR A, A DR M S b g R 8~11 m Ak 1 I A AR AR
M, PR, 3 DR M A BE XA DA 8~11 m L.

M I R SR TR M R IEA GO R . MG MR E R R Sl L, £ CBE -
A 52 3 J R0 5 M TR S R B T, OB A OR R A B B T . (R B i s AT 2R B
B, B, R BTG E R W SR, LUK B ROCR 5B 1T 2 Ik B T A . BRI
R B EREAR AR N 1 um, AL 300, W JEFI T AR RS R 300 K, i I A 4 B 6~
Tms™, &G A 0.0139 kgs' o WEBIBEEARENA4L . 6. 83, 103X, 12X, HE 107]
L, B A DR WA N A R i, E AR

120
[y NO T e e BE V8 W (G 244 WA 50 4 4~ )
W E 6 AN, NO W i 117.7 mgm” ~
W % 90.7 mgm . NO it ik v S 1) o 1K 0 12 ¢ S ool
T I R R 1 X NO B R AR s
B OGRT, WORECE A 10 M E 12 0, JE z —
S 114 NO i e FE G 50 22 . W = S
I O AR NO T iR M 78 mgm [ E 75.9 Y
mgm >, BB R B e A 79.4%. AR B 7 B < 0 b
WAbE CEb KA TS JeHERRfE ) (DB13/5161 w04

-2020) AP B NO, HEBAREIR T 80 mgm ., B 10 BIEHESREELOLNO REREHXR
W, FEHRIESfTRARSET, Bk R m Fig. 10 Diagram of the relationship between the number of
R B 10 4, nozzles and NO concentration at flue exit
32 REEE

MY NO I8 J5L R e B IR T HEAT 0 0 IR, a2 38 JER) AL i NOs I B2 2o
%, 2 48 e AT DU 2 3 Al o 3 J )k i POVl T AR W B e B R ARG, — Bk R B
SNCR T2 s B9 S N o NI, 7ESEPrasfrp, il e md JEon g an e s, AR THid J5R) 5
NO By Sz B8 %, i 75 38 R 7 T 1000 KA I RE PAATS ATk B850 e B S AR AR o A, g 3 T
M S5 AERARTE B AE 40 um LT, H5RIAJEH 5 NO Y seor e mi e, i $2 FF EAS 20 . e BRI 4%
R WIEFFRAZ R 1 um, A0 E R 30°, o 5 FE AR K 300 K, o J5 7425 5 5 6~

7ms, W JEF R 0.0139 kgs . BRIE RN IR %0 — 330
JE T F1 2l 750~1 100 K A, KHIE H 1T NO A it \}X? \\:%ﬁ%g _
WP AR AL PP LD RTA R 9 0 g e TN\ {as 2
MIBRECR L BT RS, Ak S \\ \\ =
B2 RO B SRR . HBBACRE E \\ 120 %
70% L)L B, AW B ft SNCR A T 20 i i =2 A\F\ %
B 1124 750~950 Ko 24 A4 90 % 64 b 149 J2 1o 3 w0t \<\\'”§
JE 43 54k F 850 K. 900 K B, 4H3E i 0 NO (1 I f\ o
)ﬁ%ﬂ&fﬁﬁv\%ﬂﬂ? 78 mg'mﬁ\ 76.8 mg'm—_%’ Hﬂﬁﬁ 700 750 800 850 900 950 1000 105011001 150

R EE/K
#}iﬂ‘k \ . H“?‘ O e A . R = s s ,
A 1 RN B AR A
Jﬁ@iﬁ/ J\ ’ ﬁ)}i”ujﬁﬁiﬂiﬂ: 3 mgm “o é‘ Fig. 11 Effect of reaction temperature on denitrification rate
1 R 850~950 K IFf, & kit & T iR E W and ammonia escape amount



5510 RASCEEAE AR B P CHE R P S SNCRIBE R AR I R LA 3365

s MR 950~1100 K B, ki FRE . Fk, MR EZh 900 K B, 84 i g 5k
Bl MPRIRE S &R, M T NO BRI N, bR N NH, K& A S A SO S
T3 BB BCR R 2 70% LLF .

33 SRbtrEm

A L A8 LA I R P A G AR S AR IR 8 T 26
B NO, i) 4 BE LA, 2510 SNCR S I JBE it 3% i T RBRRE S L,
ARG EEHE . PSR LRE |, o .
BN 30°, WEFIEAREN0K, & 5| . “s
JE A 25 o B 6~7 mes™!, A U B 0.0139 £l 7/4; 1% %
kgs's AMIEE ALY 1. 12, 15, 18, =l ; {5 5
2, LB IR U e R R R B il ”'//y/%é I
12 T, B R L, B R o
LT R L0~ I, AR P 2 e 16 s 20 M

AL

1 T B A T B LT R Lo
L8200, A IBRECE | e, B2 SREOBEERAXENZE
Fig. 12 Effect of ammonia nitrogen ratio on denitrification rate

SR 128, A R BT A 2 70% L and ammonia escape amount
b HEEL R 2 W, B AR A 77.3%.
MR RKFE, @bk EIES, MEA NN 150, Zkike EIHEEE . BIAORE, B
HRA LRI, WA BCR B B, AEE TR R AL 70%~80%, DI, 4 ki ok
A, JFERA BB HEA LN 15 EAR, RBEHIE RN 1.7 mgm™, BHEECE R
T1.9%, DA TH ARG fR 25 0 5 6 4 0 R JBE AR A80CR B2 e AR A
4 R

D) S —A Y B L, TR AR R A B i [ B MR N S RSO R T R T
AW BT B A RORE L TR S G W HE R

2) AS[R] A ) AR A 8 3 e ) B R AL 25 R R W, IR S WA RHIR B RO B, Ml P9 I B v 3K
140 K, JHTH NO HEC A4 i e B2 fe (%, P 439ME 0 369.2 mgem ™ 1R AWK SO, HEHUHK EE A T/
AFERT S RAKL . W B, SO, AR it 5 AL AP 28 B0 W1 AH OGRS VR CO A il AR
CO, M A R e o MR, CO, HE & B0, ARG AR 0 Jo 0 o sk HE A7 2 (749 5 1 19 () A
Z—

3) AR 5 A= Wy BB A AT T X G, il i B BLUARSE T A W) B i i SNCR 2R A 3R o
HEACAE D o e 3 JRGR) MAR 07 B IR A 8~11 my i Ji 5 M W i 0 T 10 4> 5 25 SO I RE 249 900
K. & A 1.5, SNCR BT ek 78.7%, NO HEBUR & & AKX 78.7 mgm ™,



3366 ok L B ¥ W Fl6 &

& F X W

[1] BUIQ, WANG Z H, ZHANG B, et al. Revisiting the biomass energy- biomass boiler[J]. Fuel, 2021, 293: 120154,
economic growth linkage of BRICS countries: a panel quantile [9] BH/NAR, A= W) SRR P R BB RSB D. g : At 1 K24, 2009.
regression with fixed effects approach[J]. Journal of Cleaner Production, [10] 225 IR AR B SNCRIGURS X BEH R TF & [D]. db5e: iR,

2021, 316: 128382. 2013.
[2] SIKKEMA R, PROSKURINA S, BANJA M, et al. How can solid [11]  Khates. AW R HE B R B CED A A IS [D]. W : #7TT.
biomass contribute to the EU’s renewable energy targets in 2020, 2030 K22 2019,

and what are the GHG drivers and safeguards in energy and forestry (12 S, B, i, 2. OB fE MRS FF AL B RS 3 ) 25 40 B
sectors[J]. Renewable Energy, 2021, 165: 758-772. U] F I FRBERL 22247, 2019, 38(4): 921-927.

[3] VIAY V. SUBBARAO P M V, CHANDRA R. An evaluation on (137 oo wimgis pts )il -y MRBEAN“CHEHCAF P 53 ey s ).
energy self—sufficiency model of a rural cluster through utilization of ol TR, 2017, 72): 50-54.

(141 AR, AR P BAR BUR S AR R ]. Talk #, 2008(2): 29-
32.

[15] MILTNER M, MAKARUK A, HARASEK M, et al. CFD-Modelling for

[5] OIS IR A4 TR P 1 SRR EBTIE[DY. ) AR T e, the combustion of solid baled biomass[J]. Parameters: Journal of the US
2015, Army War College, 2006, 1: 1-6.

(6] [16]  THRHE. A4y AR RURBENOHERCEFERFSE D). HUM: HIT A, 2021.

ZHANG X H, CHEN Q, BRADFORD R, et al. Experimental
investigation and mathematical modelling of wood combustion in a (17] JODAL M, NIELSEN C, HULGAARD T, et al. Twenty-third
symposium  (international) on  combustion[J].  Pittsburgh:The

biomass residue resources: a case study in India[J]. Energy and Climate
Change, 2021, 2: 100036.

(4] JH%%, 9128, DUIE, 5. ARSI R BT[], T e
LR, 2020(7): 76-77.

moving grate boiler[J]. Fuel Processing Technology, 2010, 91(11):

1491-1499. Combustion Institute, 1990: 237-243.

[7] BALETA J, MIKULCIC H, VUJANOCIC M, et al. Numerical 18] JHAET. JREILSNCRENHLILSYHT B M b iis s 1 AL D],
simulation of urea based selective non-catalytic reduction DeNO, MR EE: IR Toll K2, 2020.
process for industrial applications[J]. Energy Conversion and ~ L[19] “RINZE. KEVGEE & A SNCRIERI I M AEBLD]. HoM: i
Management, 2016(125): 59-69. 24P, 2015.

[8] MOUSAVI S M, FATEHI H, BAI X S. Numerical study of the  [20] T4k, SRAISNCREGA N PIshie Kb fit S it R A B (AR R [ D]. 1
combustion and application of SNCR for NO, reduction in a lab-scale JRUE: MR IE Tl K2, 2007.

(TAE% 5. 37 0%)

Flue gas emission characteristics and SNCR denitrification numerical
simulation of agro-forestry biomass boiler
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College of Environmental Science and Engineering, Hebei University of Science and Technology, Shijiazhuang050018, China

*Corresponding author, E-mail: kd2010zwx@163.com

Abstract Biomass boiler of typical biomass power plant in Hebei Province is taken as the research object. On
the basis of analyzing the composition of agricultural and forestry biomass fuel, FLUENT software is used to
conduct numerical simulation of flue gas emission characteristics and SNCR denitration performance of biomass
boiler. The results showed that, compared with single biomass, the mixture of wheat straw, fruit wood branch
and bark with a ratio of 0.3:0.4:0.3 have lower nitrogen content (0.39%). The average emission concentration of
NO in flue gas of different biomass fuels after boiler combustion is in the order of wheat straw (503.6 mg:m°) >
fruit wood branch > bark > mixed fuel (369.2 mg'm™); SO,: wheat straw> mixed fuel > bark > fruit wood
branch; CO: bark > wheat straw >mixed fuel > fruit wood branch. CO,: mixed fuel> fruit wood branch > bark >
wheat straw. Numerical simulation of SNCR denitrification shows that when the height of reducing agent (urea)
nozzles is set between 8 m and 11 m, the number of nozzles is 10, the reaction temperature is about 900 K, and
the ammonia nitrogen ratio is 1.5, the SNCR denitrification rate is up to 78.7%, and the NO emission
concentration is the lowest (78.7 mg'm™). The results show that the mixed agroforestry biomass fuel has better
combustion performance, and the NO concentration generated by combustion is the lowest. Under the condition
of meeting the optimal SNCR process operating parameters, NO is easier to achieve the requirements of low
emissions.

Keywords biomass fuel; fuel composition; flue gas composition; numerical simulation; SNCR
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